The effect of psychosocial stress on distinct memory processes was investigated in 157 college students using a brief film, which enabled comparison of verbal and visual memory by using a single complex stimulus. Participants were stressed either following stimuli presentation (consolidation) or before testing 48 hr later (retrieval) and were compared with no-stress controls. Salivary cortisol was measured before and 20 min after stress. The consolidation group significantly outperformed controls on total and verbal film scores. Stress did not impair retrieval relative to controls. Exploratory analyses revealed a significant correlation between cortisol and verbal scores across all groups (r ϭ .18). Results provide the first evidence of a facilitative effect of a stressor on verbal memory, but failed to replicate retrieval findings.
Stressful events activate the hypothalamic-pituitary-adrenal (HPA) axis, which results in the release of glucocorticoids (cortisol in humans). Glucocorticoids help an organism respond to the stressor by elevating glucose levels and in their unbound form cross the blood-brain barrier and bind to receptors throughout the brain. One area that contains glucocorticoid receptors is the hippocampus, which is involved in the consolidation of new memories (Squire, 1982) and possibly retrieval as well (de Quervain et al., 2003) . It is therefore not surprising that there is robust evidence from animal and human studies that stress and glucocorticoids modulate memory (for reviews, see Wolf, 2003) . The findings, however, are complex and often contradictory. One explanation for this may be related to a methodological issue that has obscured the effects of stress on distinct memory processes, such as consolidation versus retrieval.
Although research clearly demonstrates that chronically elevated cortisol (from disease, corticosteroid treatment, or aging) is associated with impairments in declarative memory (Lupien et al., 1998; Martignoni et al., 1992; Starkman & Schteingart, 1981; Wolkowitz, Lupien, Bigler, Levin, & Canick, 2004) , evidence for acute effects is mixed. Early experimental studies using a stress induction or single-dose glucocorticoid administration showed an impairing effect of acutely elevated cortisol on verbal declarative memory (Kirschbaum, Wolf, May, Wippich, & Hellhammer, 1996; Newcomer, Craft, Hershey, Askins, & Bardgett, 1994; Wolf, Schommer, Hellhammer, McEwen, & Kirschbaum, 2001; Wolkowitz et al., 1990) . However, recent studies looking at acute effects of cortisol on word recall either failed to replicate these findings by using cortisol administration (Hsu, Garside, Massey, & McAllister-Williams, 2003) or psychosocial stress (Wolf, Convit, et al., 2001) or obtained opposite findings (Domes, Heinrichs, Reichwald, & Hautzinger, 2002) . One explanation for these discrepancies may be due to differences in dose: Animal and human data suggest an inverted U-shaped function between glucocorticoids and memory (see , for a review). Another important issue, however, may be related to the timing of the cortisol manipulation. In many of the human studies demonstrating an impairing effect of elevated cortisol on memory, the stressor or glucocorticoid is applied before stimulus presentation and learning, and recall is tested within 1-2 hr. In such a paradigm, cortisol levels are elevated during all memory phases: the learning period (initial encoding of the information), consolidation (the continuous transfer of information into longer term storage), and retrieval (recall of information from memory stores). Disruption of any one of these memory processes could account for detrimental effects of stress on memory and might also obscure any facilitated process. Roozendaal (2002) has theorized that under stressful conditions, consolidation of novel information related to the situation is enhanced so that one is more likely to later remember where the lion naps or when the hostile supervisor takes his coffee break. However, in order to facilitate this new learning during arousing situations, competing processes of retrieving old information (which could result in retroactive interference) may be inhibited. Thus, it may be impaired retrieval that accounts for many of the human findings cited above, rather than stress effects on learning or consolidation.
Indeed, recent studies that have managed to isolate consolidation as a target process point to a facilitative effect of stress. These investigations typically administer the stress induction or corticosteroids prior to or immediately following training (during encoding and consolidation), followed by retention testing at least 24 hr later. Retrieval is therefore tested after corticosterone levels have returned to baseline, thereby isolating the effect of glucocorticoids on consolidation of new memories. Animal studies using this paradigm have generally found a facilitative effect of moderate levels of glucocorticoids on consolidation (Conrad, Lupien, & McEwen, 1999; Oitzl & de Kloet, 1992; Roozendaal & McGaugh, 1996; Sandi, Loscertales, & Guaza, 1997) . Several recent human studies have also found a facilitative effect of stress or administered cortisol on encoding and consolidation of visual information with affective content when recall is tested at least 24 hr after learning (Buchanan & Lovallo, 2001; Cahill, Gorski, & Le, 2003) ; an additional study found this for both emotionally arousing and neutral information (Abercrombie, Kalin, Thurow, Rosenkranz, & Davidson, 2003) . It is interesting to note, however, that of the several studies that have examined verbal memory by using the methodology described above, the findings for consolidation of verbal information are weak. One study suggested a facilitative effect of administered cortisol on consolidation of word recall when tested after a delay (Abercrombie et al., 2003) , whereas others have found no difference between cortisol administration (de Quervain, Roozendaal, Nitsch, McGaugh, & Hock, 2000) or stress (Wolf, Schommer, Hellhammer, Reischies, & Kirschbaum, 2002) and controls. Thus, there is evidence for a facilitative effect of stress and cortisol on the consolidation of visual information, but little for verbal information.
Researchers have also recently attempted to parse the effects of glucocorticoids on retrieval processes separate from learning and consolidation, and findings provide some support for Roozendaal's (2002) theory that retrieval is impaired by stress. These studies present the stimuli to be learned in the first session under basal conditions and then apply the stressor or glucocorticoid just before retrieval on a subsequent session. Using this type of design, de Quervain, Roozendaal, and McGaugh (1998) found that both shock and glucocorticoids administered just before retention testing impaired retrieval of spatial information in rats. Two pharmacological studies in humans have also shown an impairing effect of elevated cortisol on the retrieval of words learned 24 hr before (de Quervain et al., 2000 (de Quervain et al., , 2003 , and Kuhlmann, Piel, and Wolf (2005) similarly found that a psychosocial stressor impaired recall of both positive and negative (but not neutral) words. Wolf et al. (2002) , however, found no effect of a stressor on retrieval of words learned 4 weeks earlier compared with controls. Preliminary evidence thus suggests that stress and elevated cortisol may impair retrieval of verbal information. However, no human study has tested the effect of stress or cortisol on retrieval of visual information.
It is noteworthy that the majority of stress, cortisol, and cognition studies have been pharmacological. Although this method provides more direct control over the manipulation of glucocorticoid levels, a naturalistic stressor also activates the HPA axis with a concurrent release of corticotropin-releasing hormone, ACTH, and sympathetic activation (release of norepinephrine and epinephrine). Evidence suggests that activation of noradrenergic pathways in the hippocampus and basolateral amygdala may help to modulate the effects of glucocorticoids on consolidation (Roozendaal, 2002) and retrieval (Roozendaal, Hahn, Nathan, de Quervain, & McGaugh, 2004) . Only two studies have examined the effects of a naturalistic stressor on consolidation versus retrieval by using a methodology that does not confound these processes (i.e., applying the stressor either before consolidation or before retrieval, with recall tested at least 24 hr later). One study provides support for the facilitative effect of stress on consolidation of visual memory (Cahill et al., 2003) , whereas the other found an impairing effect of stress on the retrieval of verbal memory (Kuhlmann, Piel, & Wolf, 2005) . These findings are consistent with the pharmacological studies and suggest domainspecific (verbal vs. visual) effects at different stages of memory formation and recall.
Finally, most researchers examining stress and memory have used traditional neuropsychological tests, such as word lists, paragraph narratives, or pictures, to test for memory effects. Although many of these tests have robust psychometric properties, the memory stimuli lack the context, meaning, and complexity that characterize real events outside the laboratory. Films come very close to mimicking verbal and visual stimuli as they naturally occur during an experience and for this reason have been used extensively in eyewitness memory and false memory research (see Loftus, 2005) . A film can also serve as a single stimulus to test differences in visual and verbal memory, given that one often encounters both types of stimuli simultaneously in the environment. For these reasons, a brief (7-min) film was developed by the principal investigator as the primary memory stimulus for the current investigation. A standard neuropsychological measure of narrative memory, the Wechsler Memory Scale-Third Edition (WMS-III; Wechsler, 1997) Logical Memory Test, was also included for comparison.
The literature thus raises several important questions: (a) Does stress affect different memory processes in distinct ways (i.e., facilitate consolidation and impair retrieval)? (b) Are these effects different for verbal and visual information? (c) Do findings from previous research (based primarily on simple stimuli, such as word lists or picture recall) hold true for more complex stimuli (i.e., a film)? and (d) Do these findings hold true for a naturalistic stressor, given that most studies are pharmacological and do not activate the HPA axis in the same way?
The goal of the current study was thus to examine the effects of an acute, moderate psychosocial stressor and associated changes in endogenous cortisol on distinct memory processes (consolidation and retrieval) in a sample of young adults. Participants underwent the stress induction either immediately following stimulus presentation on the 1st day or just before memory testing 48 hr later and were compared with a no-stress control group on visual and verbal memory. We hypothesized that psychosocial stress would facilitate consolidation and impair retrieval, relative to controls. Although previous findings provide some evidence for potential domainspecific effects (particularly for enhanced consolidation of visual information), having little theoretical reason to expect such effects, we predicted that stress would impact visual and verbal information similarly. We also hypothesized that change in endogenously released cortisol in response to the stressor would be positively associated with memory performance in the group stressed prior to consolidation and negatively associated in the group stressed prior to retrieval.
Method

Participants
Participants for this study were undergraduate students enrolled in an introductory psychology course at a large southwestern university, all of whom received class credit for their participation. Potential participants (N ϭ 2,214) were first contacted by e-mail, with a brief description of the study and exclusion criteria. These criteria included conditions associated with impaired memory function (a history of neurological disease, head injury, current substance abuse, attention deficit disorder, or learning disability) and conditions or treatments likely to affect cortisol levels (pregnancy, Cushing's disease, Addison's disease, depression, and glucocorticoid steroid medication; those taking oral contraceptives were not excluded). Participants were also required to speak English as their first language. Participants who responded (N ϭ 201) were assessed for exclusion criteria through online questionnaires. Those who met criteria (N ϭ 179) were then randomly assigned to condition and scheduled. They were instructed prior to the experiment to refrain from smoking, drinking caffeine or alcoholic drinks, eating, or vigorously exercising 1 hr before the experiment time. Of those run in the experiment, 20 were dropped from the analyses for failing to comply with the instructions (i.e., they ate before the experiment), and 2 failed to return after the 1st day (1 in the consolidation group, 1 in the control group). The final sample of 157 participants was predominately Caucasian (70%) and female (64%), with a mean age of 18.77 years (SD ϭ 1.63 years). Participants were randomly assigned to one of three conditions: consolidation (n ϭ 56), retrieval (n ϭ 50), or control (n ϭ 51).
Procedures
Eligible participants who agreed to participate were randomized to condition and scheduled in groups of 2-7 subjects. The experiment was conducted on 2 separate days, 48 hr apart. To control for circadian rhythm effects of cortisol, we performed all procedures between 3 p.m. and 6 p.m. (after the steep drop in cortisol during the early part of the day). Participants were told that the experimenters were interested in social cognition and behavior, in order to disguise the intent of the study (memory research) and later to provide a cover story for the stress speech induction.
On the 1st day, participants arrived in a group and consented orally and in writing in accordance with the experiment protocol approved by the University of Texas Institutional Review Board. Participants filled out baseline measures (basal stress, Social Competency Scale, experiment compliance of refraining from eating and drinking) and then underwent a baseline measure of memory (WMS-III Story A). Participants were then shown the film followed by an immediate recall test and were then administered the WMS-III (Story B) followed by an immediate recall test. The immediate recall tests were intended to ensure that there was adequate learning of the stimuli and to confirm no group differences in encoding. Participants were told that the tests were experimental checks to make sure they were remaining engaged during the study and that they would watch another social behavior film when they returned for the following session (no mention was made of a future memory test). When participants returned 48 hr later, they were administered the Film Recognition Test and WMS-III Story B (dependent measures).
The three conditions differed in the timing or absence of a 15-min psychosocial stress induction during the procedure and cortisol sampling (see Table 1 for procedural order and timing). The consolidation group received the stress induction procedure on the 1st day, immediately following stimuli presentation and learning (immediate recall tests), with the aim of elevating cortisol during the subsequent consolidation period.
1 The retrieval group received the stress induction procedure upon returning 48 hr later, just before memory testing. The control group received no stress induction. Salivary cortisol levels were measured just before and 20 min following cessation of the stress induction (or rest period for controls).
All participants were debriefed after the second session and filled out a manipulation check (postexperiment questionnaire). They were then asked not to talk with other students about the procedures (speech induction) or purpose of the study.
Stress Induction
The stress induction in the current investigation involved anticipation and preparation for giving a public speech and was conducted in a group context to make peer social evaluation threat highly salient. During the baseline measures, participants completed a bogus questionnaire rating their social competency on a 7-point Likert scale. At the start of the stress induction, they were told that the experimenters would be comparing their self-ratings with their actual performance while delivering a speech on a topic they have expertise in (they were given major topics to choose from). The experimenter explained that they would give the speech in front of their peers in the group and an audience made up of graduate students and faculty studying social competency; the audience would rate them on their language skills, nonverbal behaviors, humor, and how interesting the content of the speech was. Participants were then shown the room in which they would all give their speech, which included a podium, 20 audience seats, video camera, and video monitor. After returning to the experiment room, they were instructed to draw numbers to determine the order in which they would give their speech. They were then given 10 min to prepare their speeches, during which the experimenter quietly encouraged participants to make outlines and memorize the content. Participants were then walked back to the speech room, at which point they were informed that there was a scheduling conflict with the room and that this part of the experiment would have to be skipped.
Salivary Cortisol Measure
Salivary cortisol was measured twice during the experiment by using the commercially available Salivette collection device (Sarstedt, Rommelsdorf, Germany). Salivary cortisol levels were measured at two time points approximately 35 min apart: The consolidation and retrieval groups were sampled just before the stress induction (Time 1) and 20 min following cessation of the 15-min stressor (Time 2); the two samples were taken 35 min apart for the control group on the 1st day with no intervening stress induction. Saliva samples were stored at Ϫ20°C until the analysis, which was performed with an enzyme immunoassay kit by Assay Designs (Ann Arbor, MI). All samples were assayed in duplicate, and the mean concentration was used as the cortisol measure. If the variation between two measurements of one sample exceeded 10%, the sample was assayed again. The primary cortisol measure used in the statistical analyses was the difference score between the two time points (Time 2-Time 1).
Dependent Memory Measures
Film stimulus. A 7-min film, The Dinner Party, was developed and produced by the principal investigator as a memory stimulus for the current study. The film was directed by Alan Klenk of Picturebox Productions and performed by five professional actors and one child from Austin, Texas. The film portrays a couple having a dinner party for several invited (and surprise) guests and includes six brief scenes. Verbal information includes the content of many short, unrelated conversations; visual information includes room furnishings, clothing, and props handled by the actors. The content of the film was not intended to arouse an affective response. The Dinner Party film and recognition test (see below) are available to other investigators for use as a memory stimulus and measure.
Film Recognition Test. The Film Recognition Test was developed by the principal investigator to test participants' memory for verbal and visual information in The Dinner Party film 48 hr after viewing the film. The questions on the test were developed by using data from a large pilot study; the test included 30 multiple-choice questions (5 choices) with a mean difficulty of .69 (proportion of people who answered the item correctly), a difficulty range of .40 -.90, and an interitem reliability of .40. Half of the questions tapped visual information from the film (e.g., "What color is the stuffed animal Mike hands the boy?"), and the other half tapped verbal information (e.g., "According to Kerry, what did he and Susan do on their second date?"), yielding three scores (verbal, visual, total) . So that participants would resist using the questions as memory cues, the test included 8 questions that asked about events that did not occur in the film (false positives), and every question on the test included an optional answer indicating that that verbal or visual item was not present in the film. Participants were not told that they would be tested on their memory of the film, making the Film Recognition Test an incidental measure of memory. The test took most participants approximately 10 -15 min to complete.
A parallel version of the test with a different set of 30 questions was developed to be given immediately after the film (and before the stress induction for the consolidation group), to ensure initial learning of the film information and to confirm no differences between conditions in this respect.
WMS-III Logical Memory Test (Narrative recall).
The Logical Memory Test from the WMS-III is a standard neuropsychological measure of verbal memory and was used as a baseline and dependent measure in the investigation. The test includes two paragraph-long narratives comparable in recall difficulty, each with 44 pieces of information. Participants are told ahead of time that they should try to remember as much detail as they can (intentional encoding). Each narrative was taped, and the video was played to the groups; participants were then instructed to write down verbatim everything they remembered from the narrative (immediate recall). The first narrative (Story A) was administered as a baseline measure of memory (the immediate free recall score was used as a covariate in the analyses). The second narrative (Story B) was used as a dependent measure: It was administered in the first session with an immediate free recall test to ensure initial learning, and then to obtain a memory score, we asked participants to recall the story at the 48-hr delay.
Baseline Measures and Postmanipulation Check
Prior to the experiment, participants completed forms that asked about their age, gender, ethnicity, medical conditions, medications, SAT scores, and grade point average. Fear of public speaking was also measured with six questions from the Liebowitz Social Anxiety Scale (Baker, Heinrichs, Kim, & Hofmann, 2002 ) that tap speech fear (0 -9 score) or speech avoidance (0 -9 score). On each day of the experiment, participants were also asked to rate their "basal stress," or mean level of stress not related to the experiment (upcoming class tests, relationship conflicts, etc.) on a 10-point scale. Participants were also administered Story A from the WMS-III Logical Memory Test; see above) as a measure of baseline memory. At the end of the study, we asked participants to fill out a 
Analyses
To confirm the integrity of the randomization process, we conducted a series of one-way analyses of variance (ANOVAs) and chi-square tests to compare groups on baseline memory, demographics, basal stress, and cortisol. Groups were also compared on their immediate recall scores for the film and narrative (Story B) with ANOVAs to assess whether learning was similar across groups. For the manipulation check, we obtained percentage scores for each category on the postexperiment questionnaire (expectation of giving a speech) and conducted a chi-square test comparing the two stress groups.
To confirm a significant neuroendocrine response to the stressor, we examined change in cortisol (Time 2-Time 1) within each group separately by using paired t tests. To determine whether change in cortisol differed significantly between groups, we conducted a one-way ANOVA with cortisol difference scores. In exploratory analyses, we examined main effects for gender and oral contraceptive use on cortisol response with separate one-way ANOVAs.
Differences between groups on the dependent memory measures (Film Recognition Test and WMS-III Story B at the 48-hr delay) were analyzed with analyses of covariance (ANCOVAs) by covarying baseline memory and basal stress. To test whether change in cortisol was related to memory performance at delay, we first conducted simple Pearson correlations between cortisol response (Time 2-Time 1) and each dependent memory measure within each group. We predicted a positive correlation within the consolidation group and a negative correlation within the retrieval group. In exploratory analyses, we also examined the correlation across all groups to see whether change in cortisol at any stage had an effect on memory performance.
We conducted several additional exploratory analyses. Because of the high variability of cortisol response to the stressor in this study (with some individuals in the stress group showing no statistical increase), and noting that other investigators have obtained important findings by looking at responder subsets (variably defined), we conducted the same ANCOVAs on the dependent variables described above, but with a subset of subjects who showed at least a 25% increase in cortisol in response to the stressor ("responders"), compared with controls. To explore whether men and women differed in their memory performance, we conducted several ANCOVAs with gender as the independent variable and each memory measure as the dependent variable, by covarying basal stress and baseline memory. We also conducted simple Pearson correlations between cortisol response and each dependent memory measure across groups with men and women separately.
Results
Validity Check
Groups did not differ significantly by gender, ethnicity, age, SAT scores, current grade point average, baseline measures of memory (WMS-III Story A), public speaking fear and avoidance, basal stress on days of the experiment, or baseline cortisol levels (ps Ͼ .10; see Table 2 ). ANCOVAs conducted on the immediate recall scores confirmed that groups did not differ in their initial learning of the dependent measures: WMS-III Story B, F(2, 132) ϭ 0.219, p ϭ .803; film information, F(2, 132) ϭ 2.39, p ϭ .092. The percentages of responses to the speech expectancy question on the postexperiment questionnaire were as follows: 53.7% expected to give the speech, 21.1% expected to give the speech but did not care, 25.3% suspected they might not have to give a speech, and 0% were certain they would not have to give the speech. There were no significant differences found between stress groups, 2 (3, N ϭ 95) ϭ 1.406, p ϭ .50.
Cortisol Change by Group
Within-group paired t tests for cortisol levels at the two time points (see Figure 1) showed a significant decrease in cortisol for
Table 2 Demographics and Baseline Measures by Condition
Measure Consolidation (n ϭ 56) Retrieval (n ϭ 50) Control (n ϭ 51) 
Memory Performance: Group Comparisons
To determine whether the stressor had an effect on memory, we conducted separate ANCOVAs for each of the memory measures obtained at the 48-hr delay, by covarying baseline memory and basal stress. A main effect for group was obtained on the Film Recognition Test (total-score) measure, F(2, 138) ϭ 4.52, p ϭ .01, and both covariates were significantly associated with memory outcome ( ps Ͻ .05). Pairwise comparisons using a Bonferroni adjustment showed that the consolidation group (M ϭ 19.87, SE ϭ .53) performed significantly better than controls (M ϭ 17.59, SE ϭ .52), as predicted (mean difference ϭ 2.15, p ϭ .01; see Figure 2 ). Contrary to predictions, the retrieval group (M ϭ 18.50, SE ϭ .61) did not perform significantly differently from controls on the film total score (mean difference ϭ 1.32, p ϭ .22). When the verbal and visual items of this test were analyzed separately, a main effect for group on the verbal items was found, F(2, 138) ϭ 4.36, p ϭ .02. Pairwise comparisons again showed the consolidation group (M ϭ 10.25, SE ϭ .32) significantly outperforming controls on verbal score (M ϭ 8.87, SE ϭ .30; mean difference ϭ 1.30, p ϭ .01), with no significant difference between the retrieval group (M ϭ 9.52, SE ϭ .40) and controls (mean difference ϭ 0.61, p ϭ .57; see Figure 3 ). There was no main effect of condition for visual items on the Film Recognition Test (consolidation group, M ϭ 9.62, SE ϭ .33; retrieval group, M ϭ 8.92, SE ϭ .32; control group, M ϭ 8.72, SE ϭ .36), F(2, 138) ϭ 1.79, p ϭ .17, nor for the WMS-III narrative (consolidation group, M ϭ 11.30, SE ϭ .65; retrieval group, M ϭ 10.56, SE ϭ .57; control group, M ϭ 3.85, SE ϭ .57), F(2, 132) ϭ 1.28, p ϭ .28. Exploratory ANCOVAs failed to show an effect of gender on memory performance with any dependent memory measure ( ps Ͼ .25).
Relationship Between Memory and Cortisol
Although we predicted a significant positive correlation in the consolidation group and a negative correlation in the retrieval group, simple Pearson correlations failed to find a significant correlation between change in cortisol and memory performance within groups on either dependent measure ( ps Ͼ .28). However, exploratory analyses revealed a small but significant positive correlation between cortisol and film verbal score across groups (r ϭ .18, p ϭ .03), with a trend for the Film Recognition Test total score (r ϭ .15, p ϭ .07). Thus, a greater increase in cortisol across all participants was related to higher verbal performance on the Film Recognition Test. The correlation across groups was not significant for the film visual score (r ϭ .08, p ϭ .37) or for the WMS-III narrative (r ϭ Ϫ.08, p ϭ .36). Exploratory correlations between change in cortisol and the memory measures looking at men and women separately failed to reach significance for both men ( ps Ͼ .19) and women ( ps Ͼ .13).
Responder Subset
The same analyses on the dependent variables (memory) were conducted for the subset of the participants in the stress conditions (consolidation, n ϭ 20; retrieval, n ϭ 16) who showed a robust cortisol response to the stress induction (percentage increase of 25% or greater) compared with all controls. A main effect for group was obtained for the verbal questions on the Film Recognition Test, F(2, 77) ϭ 4.23, p ϭ .02, with a significant difference between the consolidation group and controls in the post hoc comparison with Bonferroni correction (mean difference ϭ 1.15, p ϭ .03). There was a trend for the Film Recognition Test total score, F(2, 77) ϭ 2.82, p ϭ .07. ANCOVAS for the film visual score and WMS-III were not significant ( ps Ͼ .29).
Discussion
The present study was designed to parse the effects of a psychosocial stressor on distinct memory processes (consolidation vs. retrieval) and to test for domain-specific effects (visual vs. verbal recall). The results provide support for the facilitative effect of stress and endogenous cortisol on the consolidation of new information-and provide the first evidence of this for verbal information by using a stress manipulation. Current findings were obtained by using a brief film, which enabled us to test both verbal and visual memory with the same complex stimulus and which potentially provides a more ecologically valid result. Contrary to several studies suggesting a negative effect of stress and glucocorticoids on the retrieval of previously learned material, the current study failed to replicate these results with visual or verbal information.
The finding for a facilitative effect of stress on the consolidation of new memories (for both total and verbal score on the film measure) is consistent with several recent studies, although previous findings are mostly for visual information. Of the human studies that have administered a stress induction or cortisol prior to consolidation and tested recall at least 24 hr later (when cortisol levels have returned to baseline), three have found a facilitative effect on consolidation of visual memory (picture recall) for affective (Buchanan & Lovallo, 2001; Cahill et al., 2003) and neutral (Abercrombie et al., 2003) information. This is consistent with animal studies using spatial memory paradigms, such as mazes (Conrad, Lupien, Thanasoulis, & McEwen, 1997; Sandi et al., 1997) . That we did not obtain similar findings for visual information on the film measure is surprising (we discuss this below). Indeed, our evidence for a facilitative effect of stress on the consolidation of verbal memory is a new finding and in contrast to much of the literature. Many studies have found an impairing effect of cortisol on word or narrative recall by using both psychosocial stress (Jelici, Geraerts, Merckelbach, & Guerrieri, 2004; Wolf, Schommer, et al., 2001 ) and glucocorticoid administration (Kirschbaum et al., 1996; Tops et al., 2003) , although these studies applied the stressor or glucocorticoid prior to stimulus presentation and tested recall within an hour of the manipulation, thereby elevating cortisol during encoding, consolidation, and retrieval. The detrimental effects of stress on memory in these studies may be due to impaired retrieval. Of the few studies looking at verbal memory that have avoided this confound, one pharmacological study found that a 20-mg dose of cortisol administered before word presentation facilitated recall 2 days later compared with placebo controls (Abercrombie et al., 2003) , whereas another found no difference on word recall between the cortisoladministered group and controls (de Quervain et al., 2000) . Only one study has looked at the consolidation of verbal information by using a stress induction and obtained null results (Wolf et al., 2002) . The current finding is thus the first to show a facilitative effect of a laboratory stressor on the consolidation of verbal information, consistent with only one pharmacological study above.
It is interesting to note that we obtained this finding only for the consolidation with the film measure; there were no significant differences between groups on the standard neuropsychological measure of verbal narrative memory from the WMS-III Logical Memory Test. One explanation may be related to the nature of a film as a memory stimulus. In The Dinner Party, the six characters interact in a social situation (dinner party) against a backdrop of changing scenes and activities. Guests arrive, exchange pleasantries, pick up books and photographs, update each other about their work and relationships, hand each other hats and toys, and move in and out of scenes together. At any given moment, many visual and verbal activities are happening simultaneously and unfold over time in the 7-min film. It seems clear that learning a word list or simple paragraph (as in the case of the WMS-III) does not engage or activate the memory system in the same way as witnessing a social event (albeit in a film) and that stress may moderate the latter in a unique way. The fact that a film is a very complex stimulus with competing verbal and visual information may also make it a more sensitive measure than standard neuropsychological measures with young healthy adults (although others have certainly obtained results with the WMS-III and other neuropsychological measures). The film test is also an example of an incidental measure of memory (participants did not know they were going to be tested on their recall later), which is generally more difficult than tests with intentional encoding, such as the WMS-III and other memory measures. Regardless of why there was no observed effect with the WMS-III, the fact that the film was designed as a stimulus to have greater relevance to how human memory works in the real world lends greater confidence to the generalizability of our consolidation finding.
Returning to the differential results for verbal and visual information in the film, it is intriguing that questions related to verbally conveyed information in The Dinner Party (e.g., "What comment does Susan make about the basketball?") turned out to be more sensitive to the facilitating effects of stress and elevated cortisol than visual questions (e.g., "What does Phillip hand Susan in the living room?"). As cited above, previous studies provide support for cortisol's effect on the consolidation of visual information but not of verbal information. One explanation for our findings is that there may be a bias for processing and consolidating verbal information over visual information when both are presented together and compete, as happens in daily experience. There is certainly evidence that verbal information can interfere with the processing of visual information, as observed experimentally in many cognitive interference studies using the Stroop Test (see MacLeod, 1991, for review) . On the other hand, one might argue that given the relatively recent evolution of verbal behavior in humans, if there were evolutionary pressures to facilitate learning and memory under stressful conditions, this would have developed in visuospatial systems, as several animal studies have suggested. It thus remains unclear both theoretically and empirically whether stress and cortisol exert domain-specific effects on consolidation, particularly under conditions in which visual and verbal information potentially compete for attention.
Contrary to our hypothesis, stress applied just prior to retrieval (48 hr after stimulus presentation) did not significantly impair recall relative to controls, either for visual or verbal information in the film or on the WMS-III narrative. Roozendaal (2002) has proposed that retrieval processes may be inhibited under stressful conditions in order to reduce interference with new learning, and several animal and human studies have found stress or glucocorticoids to impair retrieval of information learned in a previous session (de Quervain et al., 1998 Quervain et al., , 2000 Quervain et al., , 2003 Kuhlmann, Piel, & Wolf, 2005) . It is therefore difficult to understand why we did not find any detrimental effect of stress on retrieval-especially for verbal information, given the human findings. No previous studies have examined the effects of either stress or glucocorticoid administration on the retrieval of visual information, so it is difficult to interpret the lack of group differences for this domain. One explanation for our null retrieval findings may be that although the stress induction elevated cortisol enough to facilitate consolidation, levels were not high enough to exert a detrimental effect on retrieval. Support for this comes from a study by de Quervain et al. (1998) , which showed that the impairing effect of systemic corticosterone administration on retrieval in rats was dose dependent. Pharmacological studies certainly induce a much higher cortisol response than do stress studies, possibly accounting for impaired retrieval findings in these studies. In addition, the one stressor study by Kuhlmann, Piel, and Wolf (2005) , which found a detrimental effect on verbal retrieval, did induce a greater cortisol response (almost a 100% increase for the stress group) than the current investigation.
Indeed, one possible limitation in this study is the degree of stress response in the experimental groups. Although a psychosocial stress induction is a good analogue to real-world stress and has the advantage over pharmacological studies of activating all of the psychological and biological responses associated with naturalistic stressors, we noted high variability in baseline cortisol levels, and the response to our psychosocial stressor did not result in a two-to fourfold increase in cortisol, as typically reported by Kirschbaum, Pirke, and Helhammer (1993) with their Trier Social Stress Test. In their meta-analysis of acute laboratory psychological stressors, Dickerson and Kemeny (2004) found that tasks characterized by uncontrollability and social evaluation elicit the strongest cortisol response. Although our stress induction involved actively preparing to give a public speech in front of their peers in the group and a faculty panel-and for this reason induced anticipatory anxiety related to social evaluative threat-participants did not actually give the speech. It might be argued that active performance induces greater stress response than anticipation of a social performance, but this has not been tested directly (i.e., the Trier Social Stress Test includes both an anticipatory-preparation period and performance period). The other question is what effect running participants through the stress induction in groups (which was intended to enhance the salience of peer evaluation and competition) had on the stress response. Future studies might examine these questions by comparing cortisol response to preparation versus performance and individual versus group manipulations.
Having acknowledged a somewhat attenuated cortisol response compared with other studies, the fact that cortisol levels did increase significantly in both stress groups, and that significant differences in memory performance between the consolidation group and controls were obtained, suggests that participants' stress neuroendocrine systems were activated-at least enough to affect consolidation processes. To determine whether a greater cortisol response would have altered our results, we conducted exploratory analyses looking at participants in the stress groups who showed at least a 25% increase or more in cortisol following the stressor (responders), compared with controls. Results for the memory measures were essentially no different when using this subgroup of participants.
It is also noteworthy that although we predicted a positive association between cortisol change scores and recall in the consolidation group and a negative correlation for the retrieval group, none of the within-group correlations were significant. It may be that the reduced power from looking within each condition made it difficult to detect any potential relationship. We did obtain a small but significant positive correlation between change in cortisol and verbal recall for the film across all groups (r ϭ .18) in exploratory analyses. Although this appears to suggest that an elevation in cortisol at any stage facilitated recall in the present investigation, it is difficult to know how to interpret this finding.
An important question not addressed in the current investigation but that may be relevant is whether our use of emotionally neutral stimuli (in the film and with the WMS-III) may have attenuated our memory findings. There is evidence that stress and glucocorticoids exert a more potent effect on affective compared with neutral information (Buchanan & Lovallo, 2001; Jelici et al., 2004; Kuhlmann, Kirschbaum, & Wolf, 2005; Kuhlmann, Piel, & Wolf, 2005; Tops et al., 2003) , although others have found similar effects for affective and neutral information (Abercrombie et al., 2003; Maheu, Joober, Beaulieu, & Lupien, 2004) . This is certainly an important and rich direction for further investigation.
Future research should continue to focus on differentiating the effects of stress on different memory processes. To do this, it is necessary to separate stimulus exposure and learning periods (i.e., list learning) from retention testing (free recall or other testing) by enough time to allow for application of a stress or drug manipulation to be related only to the particular memory process of interest. Our findings also suggest the importance of including both verbal and visual measures of memory to further illuminate any domain-specific effects for consolidation and retrieval processes.
More research is also needed to better specify the dosedependent (inverted U-shape) response curve between stress and memory in humans-particularly with stressors and not simply with pharmacological interventions. No investigations have been conducted to date that vary the intensity of a laboratory stressor, but such studies would help to provide a better idea of how intense a stressor might need to be in order to affect cognition. There is also the question of whether different types of stressors (physical, mental, social) have varying effects on biological and neurocognitive systems. Studies with animals have used restraint, footshock, forced swimming, and dominance challenge as stressors, whereas the most common stress inductions in human research have been the Cold Presser Test or social evaluation tasks, such as public speaking. Although theoretically these different stressors should activate the same autonomic and HPA stress systems, there is evidence for some specificity of physiological response to differing stressors (Stern & Sison, 1990) . To our knowledge, no studies have directly compared different types of stressors in one experiment and their associated neuroendocrine responses and cognitive correlates.
Finally, closer attention to the type of memory measures is warranted. Although many have used standard neuropsychological measures, this study did not find the WMS-III Logical Memory Test narrative to be a sensitive measure, insofar as it showed no change with the stress manipulation. The film did turn out to be useful for testing memory and as a stimulus may be better at capturing the complex barrage of sensory inputs, semantic information, and social cues that normally confront individuals as they move through the world and from which they must selectively attend and remember. Similar studies are needed to better approximate how memory functions outside the laboratory.
